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Abstract
We consider the possibility that the recently observed diphoton excess at ∼ 750 GeV can be explained by the
decay of a scalar particle (ϕ) to photons. If the scalar is the remnant of a symmetry-breaking sector of some
new gauge symmetry, its coupling to photons can be generated by loops of the charged massive vectors of the
broken symmetry. If these new W ′ vector bosons carry color, they can also generate an effective coupling to
gluons. In this case the diphoton excess could be entirely explained in a simplified model containing just ϕ
and W ′. On the other hand, if W ′ does not carry color, we show that, provided additional colored particles
exist to generate the required ϕ to gluon coupling, the diphoton excess could be explained by the same W ′
commonly invoked to explain the diboson excess at ∼ 2 TeV. We also explore possible connections between
the diphoton and diboson excesses with the anomalous tt¯ forward-backward asymmetry.
1. Introduction
The successful first year of the Large Hadron Col-
lider (LHC) Run 2 has provided us with a relatively
small amount of data at
√
s = 13 TeV but a very
interesting surprise. Both ATLAS and CMS have
reported an excess in the diphoton spectrum with
a peak in the diphoton invariant mass at around
750 GeV, with a statistical significance in the 2-4
σ range depending on assumptions about the total
width and the look-elsewhere effect [1, 2]. The fact
that both experiments see an excess at the same
diphoton invariant mass and that such an excess
can be compatible with the Run-1 results has trig-
gered an explosion of theoretical activity [3–73].
Among the many different attempts, one that has
proven a successful explanation for the diphoton ex-
cess is the presence of a new scalar, ϕ, with effective
couplings to photons and gluons1
L ⊃ Aγγ
4vϕ
ϕFµνFµν +
Agg
4vϕ
ϕGµνGµν . (1)
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1See [74] for previous studies of (pseudo-) scalars coupled
to photons and gluons.
It has been shown [9] that the excess can be success-
fully explained if the partial widths into photons
and gluons satisfy
Γ(ϕ→ γγ)
Mϕ
Γ(ϕ→ gg)
Mϕ
≈ 1.1× 10−6 Γϕ
Mϕ
, (2)
where Γϕ is the total decay width. Although there
is a slight preference in the ATLAS measurement
for a relatively large total width Γϕ/Mϕ ≈ 0.06, a
much narrower particle is perfectly compatible with
the published data [36].
In all the examples presented so far in the liter-
ature, the effective couplings in Eq. (1) have been
generated by loops of new fermions or scalars with
electric and/or color charge. It is plausible how-
ever that ϕ is the low-energy remnant of a new
TeV scale symmetry-breaking sector of an extended
gauge symmetry. In that case the massive vector
bosons to which ϕ gives mass are natural candi-
dates to generate the required couplings to photons
and gluons via loops. In fact, new vector bosons
are motivated by other intriguing excesses observed
at the LHC or the Tevatron, like the ∼ 2 TeV di-
boson anomaly [75–77], flavor anomalies in the B
sector [78] or the tt¯ forward-backward asymmetry
anomaly (see [79] for a recent review). It is therefore
natural to investigate whether new vector bosons
could be responsible for the couplings of ϕ to pho-
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tons and gluons and under which circumstances
such couplings can explain the observed diphoton
excess.
We initiate an investigation of this possibility via
a simplified model containing a new vector boson
that acquires its mass through the vacuum expec-
tation value (vev) of a scalar ϕ. We then explore
the implications for decays into electroweak vec-
tor bosons and gluons before discussing possible
connections between the diphoton and the diboson
anomalies.
2. Simplified model
We consider an extension of the Standard Model
(SM) with an extra SM singlet scalar, ϕ, whose vev,
vϕ, is responsible for the spontaneous breaking of
a new gauge symmetry. The heavy vector bosons
of the new symmetry, W ′, can be in arbitrary rep-
resentations of the SM SU(3)c × SU(2)L × U(1)Y
gauge group, but for simplicity in the following we
will consider it to be an electroweak singlet with
hypercharge Q 6= 0 and in an arbitrary color repre-
sentation.2 Explicit realizations of our simplified
model can be obtained generically in extensions
of the SM gauge group which are broken sponta-
neously by a corresponding “Higgs” boson. A repre-
sentative example of an SM extension realizing our
scenario would be that of models with vector lep-
toquarks. Since in this case the new particles carry
both color and electric charge, they can generate by
themselves the necessary one-loop interactions with
gluons and photons. Other types of models can be
found, for instance, in [80, 81], where the SM gauge
group is extended in such a way as to unify color
and baryon number and broken by the vev of a SM
singlet. After the new gauge group and electroweak
symmetry are broken one is left with, in addition to
the SM particles, a colored vector boson (as well as
charged vector-like fermions) which can be used to
generate the necessary gluon (and photon) effective
couplings. In [82] an extended gauge group again
leads to the presence of new vector bosons, in this
case carrying electric charge but not color.
In what follows we will assume that any mixing
between ϕ and the SM Higgs is small and we ne-
glect it. Likewise, if the W ′ is a colorless vector
with Q = ±1, in our simplified model the mixing
2The results presented here can be easily generalized for
the case of higher SU(2)L representations.
with the SM W , sin θWW ′ , must be small to be con-
sistent with electroweak precision data [83] and so
is also neglected. Note that, even if the W ′ contri-
butions to electroweak precision observables were
to be cancelled by the effects of extra new parti-
cles, thus relaxing the electroweak precision limits
on the W -W ′ mixing, a sizable value of sin θWW ′
would generate tree-level decays ϕ → W+W− and
thus is constrained by the direct bounds on W+W−
production at the LHC.3
If W ′ obtains its mass from the vev of ϕ then the
ϕW ′W ′ coupling can be expressed as
L ⊃ 2M
2
W ′
vϕ
ϕW ′µW ′µ, (3)
analogous to the SM W boson coupling to the
Higgs. The W ′ mass is given by
MW ′ = κ
gW ′vϕ
2
, (4)
where κ is a group theory factor that depends on the
ϕ quantum numbers under the broken group. For
instance, if the new symmetry is an SU(2) group
and ϕ is part of a triplet representation we have
κ =
√
2 [82]. The fact that W ′ is an electroweak
singlet of hypercharge Q ensures the Z and photon
couplings to W ′W ′ are given by
gZW ′W ′ = −eQsW /cW , gγW ′W ′ = eQ, (5)
with sW , cW the sine and cosine of the weak angle.
In our simplified scenario couplings to the SM W
are zero due to the trivial SU(2)L quantum num-
bers and the neglected W -W ′ mixing (whenever
this mixing is allowed), but would be interesting
to consider in a more complete model.
In addition to the couplings in Eq. (1), W ′ loops
will generate the following effective couplings,
L ⊃ AγZ
2vϕ
ϕFµνZµν +
AZZ
4vϕ
ϕZµνZµν . (6)
Given these effective couplings, the partial decay
width for ϕ→ V V ′ can be written as
Γ(ϕ→ V V ′) = |AV V ′ |
2M3ϕ
32pi(1 + δV,V ′)v2ϕ
βV V ′ , (7)
where for Mϕ = 750 GeV we have βV V − 1 =
O(M2V /M2ϕ)  1 for all vector bosons in the SM
3Using the results from Table 1 in Ref. [9], we estimate
that current searches for W+W− resonances limit values of
sin θWW ′ . 0.03.
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Figure 1: W ′ contribution to the ϕV V ′ (V = g, γ, Z) effec-
tive vertex which mediates ϕ→ V V ′ decays and production
through gluon fusion.
and the Kronecker delta, δV,V ′ , accounts for the
factor of 1/2 when the final states are identical par-
ticles.
Using the expression for the W ′ mass in Eq. (4)
we can write the partial width to mass ratios as
follows
Γ(ϕ→ V V ′)
Mϕ
= κ2g2W ′
|AV V ′ |2
128pi(1 + δV,V ′)
M2ϕ
M2W ′
. (8)
The coefficients AV V ′ are generated by the loops of
W ′ shown in Fig. 1. Assuming that the W ′ is the
only particle circulating in the loop and neglecting
the Z mass one obtains
AV V ′=−CF gVW
′W ′gV ′W ′W ′
8pi2
F(τ), (9)
where τ ≡M2ϕ/4M2W ′ and F(τ) is given by the well
known loop function for a vector boson [84] 4
F(τ) = 2τ
2 + 3τ + 3(2τ − 1)f(τ)
τ2
,
f(τ) =
{
arcsin2
√
τ τ ≤ 1
− 14
[
log 1+
√
1−τ−1
1−√1−τ−1 − ipi
]2
τ > 1
. (10)
The color factors are given by
CF =
{
dr V, V
′ = γ, Z
C(r) V = V ′ = g , (11)
4The corresponding loop functions for scalar or fermion
mediators are smaller than the one for vectors. Thus, scalar
or fermion mediators will require larger couplings to achieve
the same values of AV V ′ as compared with vector mediators
with the same quantum numbers.
where C(r) and dr are the index and dimension of
the color representation of ϕ respectively. In the
limit MW ′ Mϕ/2 the loop functions quickly con-
verge to constant values giving,
AV V ′ = − 7
8pi2
CF gVW ′W ′gV ′W ′W ′ . (12)
Regarding the phenomenological implications of the
W ′, it can always be pair produced at the LHC.
(Single production is also possible, but only for very
specific quantum numbers of the W ′.) The possible
decay channels are very sensitive to its particular
quantum numbers and the eventual presence of ex-
tra particles beyond our simplified model spectrum.
Such particles do not have to play any role in the
diphoton anomaly but can be necessary to medi-
ate the decay of the W ′ depending on its quantum
numbers. Generically, the new vector will decay to
pairs of quarks or to a SM W plus a number of col-
ored particles (gluons or quarks). Thus, the collider
signature of this new vector boson would be pairs
of dijet or W +n− jets resonances at the W ′ mass.
3. Partial Width to Mass Ratios
Considering first the γγ and gg partial width to
mass ratios we obtain
Γ(ϕ→ γγ)
Mϕ
≈ 5.3×10−8κ2g2W ′Q4d2r
(
1 TeV
MW ′
)2
, (13)
Γ(ϕ→ gg)
Mϕ
≈ 8.7×10−6κ2g2W ′C(r)2
(
1 TeV
MW ′
)2
. (14)
From here we see that in order to reproduce the
diphoton excess we need Γ(ϕ → γγ)/Mϕ & 1.1 ×
10−6, where the lower bound is obtained for Γϕ ≈
Γ(ϕ → gg). This translates into the bound on the
new gauge coupling (Q 6= 0)
gW ′ &
4.56
drκQ2
(
MW ′
1 TeV
)
, (15)
as well as the bound
Γ(ϕ→ gg)
Mϕ
& 1.8× 10−4
(
C(r)
drQ2
)2
. (16)
Thus we see that the coupling remains perturbative
for a large range of masses, even with relatively
mild values for the parameters κ, Q and r. As an
example, using κ =
√
2 we consider the case of a
color octet representation with Q = 1, as well as a
3
color triplet of charge Q = 5/3. From Eq. (15), we
obtain in both cases
gW ′ & 0.4
(
MW ′
1 TeV
)
, (17)
while from Eq. (16) we find
Γ(ϕ→ gg)
Mϕ
&
{
2.5× 10−5 for dr = 8, Q = 1
4.6× 10−6 for dr = 3, Q = 53
,
(18)
which are both compatible with the reported ex-
cess [9].5
As we have shown in the examples above, only
relatively small couplings at the TeV scale are re-
quired to explain the diphoton excess, and our per-
turbative expansion is well under control. Further-
more, although the running of the different cou-
plings in a theory is a highly model-dependent is-
sue6, note that we are assuming the new vectors
arise from the symmetry breaking of an extended
gauge sector, which must also be non-abelian in or-
der to provide color and/or electric charges to W ′.
The fact that we are dealing with the coupling of
a non-abelian gauge theory generically improves its
ultraviolet behaviour. Indeed, provided the ultra-
violet completion of our simplified model is a non-
abelian gauge group, its coupling is likely to be
asymptotically free, unless a large matter content
is present in the model. To illustrate this, we con-
sider an explicit realization of our mechanism [89]
in which the new vector bosons correspond to our
second example in Eqs. (17) and (18), i.e. they are
an electroweak singlet, color triplet of hypercharge
5/3. They arise from the spontaneous symmetry
breaking of an SU(4) × SU(3) → SU(3)c gauge
group. In particular, they are part of the SU(4)
gauge bosons, which interact with a coupling g4
that represents our gW ′ (and a group theory factor
5Note that the octet representation can be coupled to
a fermionic current, diRTAγµu
j
R, and could therefore show
up in dijet or single top searches. Likewise, the color triplet
vector field can couple to eiRγµu
j
R and thus be produced in t-
channel in pp→ `+`−. In any case, since our study is largely
independent of such fermionic couplings, one can avoid direct
limits on MW ′ by considering fermiophobic vector bosons.
6Unlike other scenarios proposed to explain the diphoton
excess using vectorlike fermions and/or scalars (see e.g. [9,
85–88] for renormalization group studies in such models), our
simplified model is non-renormalizable by construction and
thus we need to know the details of a minimal renormalizable
embedding in order to perform a meaningful study of its
behaviour in the ultraviolet.
of κ =
√
2). The one-loop beta function of a gen-
eral gauge group with arbitrary fermion and scalar
content reads [90, 91]
β(g) = − g
3
16pi2
{
11
3
C2(G)− 2
3
S2(F )− 1
6
S2(S)
}
,
(19)
where C2(R) is the quadratic Casimir of the corre-
sponding representation R and S2 the Dynkin index
of the corresponding representations of the fermions
(F ) and scalars (S). We have assumed that, as is
our case, the fermions correspond to 2-component
spinors. In the case at hand we have 3 families of
fermions in the 4 representation of SU(4) and a to-
tal of 11 scalars in the 4¯ representation (see Ref. [89]
for details). Putting all together we find
β(g4) = − g
3
4
16pi2
51
4
< 0, (20)
and therefore the corresponding gauge coupling
runs towards smaller values in the ultraviolet.
Thus, we see that if the new vector boson has
both electric and color charges, the diphoton ex-
cess can be explained entirely in terms of a simpli-
fied model consisting of the new vector boson and
the scalar that is responsible for its mass. Regard-
ing other channels, we also see that the decay into
gluons can have a smaller decay width than the de-
cay into photons. Being an electroweak singlet, the
W ′ boson will induce γZ and ZZ couplings that
scale according to the tangent of the weak angle.
Thus, we have the generic prediction
Γ(ϕ→ γZ)
Γ(ϕ→ γγ) = 2(sW /cW )
2, (21)
Γ(ϕ→ ZZ)
Γ(ϕ→ γγ) = (sW /cW )
4, (22)
Γ(ϕ→W+W−) = 0. (23)
Considering electroweak non-singlets which would
give W+W− decays would also be interesting. As
in the case of SU(2)L singlets, the only generic pre-
dictions for the different decay widths are the ones
implied by gauge invariance. These have been con-
sidered in the literature, see Eq. (2.14) in [9].
Finally, as in most explanations of the diphoton
anomaly, the total decay width of the new reso-
nance will depend on the presence of extra new
particles and couplings in the explicit model embed-
ding of our simplified scenario. Hence, depending
on the ultraviolet completion, large or small widths
could be obtained without affecting the explanation
of the diphoton excess.
4
4. Link to other anomalies
We have seen in the previous section that the
vector boson of a spontaneously broken gauge sym-
metry, together with the scalar responsible for its
mass, can generate the observed excess in the dipho-
ton spectrum. As we argued in the introduction,
new vector bosons are further motivated by other
anomalies reported by experimental collaborations.
In particular, the LHC experiments have ob-
served several excesses in various diboson chan-
nels at around 2 TeV, e.g. [75–77] (See also [92]
for a combination of both ATLAS and CMS re-
sults). While the new LHC data at 13 TeV does
not see an excess in the same region, the collected
statistics does not provide enough sensitivity to ex-
clude a new resonance with this mass [93–97]. Sev-
eral explanations for this excess have been pro-
posed [82, 98–149] (see [150] for a recent review)
many which invoke the presence of a new massive
vector boson resonance and in particular a W ′ vec-
tor boson with electric charge ±1. It is therefore
interesting to consider the possibility that such a
new particle could also have a role in the diphoton
anomaly, thus linking both excesses.
If a new vector resonance is indeed responsible
for the diboson excess, this implies that it must be
a color singlet. From Eq. (15) we then have (for
Q = ±1, dr = 1, MW ′ = 2 TeV),
gW ′ & 9.12/κ. (24)
The group-theory factor κ can be larger than one,
but not much unless very large group representa-
tions are chosen. For instance, if the W ′ comes
from an additional SU(2) group broken by a scalar
triplet we have κ =
√
2 and relatively large values
of the coupling constant satisfying gW ′ & 6.45 are
needed to generate an adequate Γ(ϕ → γγ) par-
tial width. Of course, the W ′ is now a color singlet
and so cannot mediate the production of the new
scalar particle in gluon fusion. One could still pro-
duce ϕ through bb¯→ ϕ, via W ′ loops. In that case,
however, according to [9], Eq. (2) must be replaced
by
Γ(ϕ→ γγ)
Mϕ
Γ(ϕ→ bb¯)
Mϕ
≈ 1.9× 10−4 Γϕ
Mϕ
, (25)
which implies large non-perturbative values of the
ϕW ′W ′ coupling gW ′ & 85. Moreover, generating
the adequate effective ϕbb¯ coupling would also re-
quire large W ′tb¯ couplings, in conflict with the re-
sults of direct W ′ searches. Similar conclusions hold
for attempting to produce ϕ through photon fu-
sion [29, 35] via a W ′ loop. It is therefore clear that
both excesses are difficult to connect by means of a
single uncolored W ′ vector of charge ±1, given that
other possible production mechanisms will typically
induce further activity in the diphoton events that
has not been observed experimentally.
Of course, it is possible that different new par-
ticles can mediate the production of ϕ. Extending
the simplified W ′ model with new colored parti-
cles could then account for both diphoton and dibo-
son excesses. One possibility is simply to introduce
extra vector-like fermions: quarks to generate the
required coupling to gluons, and leptons to make
the decay width into photons arbitrary. (See for
instance Refs. [9, 36] for examples in which this
possibility has been explored.) In this initial explo-
ration however, we find it more interesting to fo-
cus on vector boson solutions to other experimental
anomalies. One such example that could produce
the required ϕgg coupling is the case of a relatively
light axigluon, which is motivated by the ∼ 3 σ
discrepancy in the forward-backward tt¯ asymmetry
observed at the Tevatron [151–157]. Assuming that
both W ′ and the axigluon G′ get all their mass from
ϕ we obtain a relation between their couplings to ϕ
gW ′κW ′
MW ′
=
gG′κG′
MG′
. (26)
This automatically fixes the decay width into glu-
ons from the quantum numbers of the axigluon
(C(8) = 3 and Q = 0), as a function of the axigluon
mass (the dependence on the mass comes exclu-
sively from the loop function in Eq. (9)). While low
axigluon masses are favored by the discrepancy in
the forward-backward tt¯ asymmetry, they increase
the decay of the new scalar into gg, which is con-
strained by dijet searches. We find
Γ(ϕ→ gg)
Mϕ
& 1.7× 10−3, (27)
for MG′ ≤ 1 TeV (close to the absolute lower
bound Γ(ϕ → gg)/Mϕ & 1.6 × 10−3 obtained
in the large axigluon mass limit, MG′  Mϕ/2).
This value is compatible with the diphoton excess
but shows some tension with bounds from dijet
searches [9]. This means that, if this is the origin
of the diphoton anomaly, either an excess in dijet
searches at an invariant mass of ∼ 750 GeV should
be seen soon or ϕ is not fully responsible for the
mass of the axigluon.
5
5. Conclusions
The first results from the LHC Run 2 have pro-
vided a tantalizing excess in the diphoton channel
at invariant mass around 750 GeV. It this persists,
it would be an unambiguous sign of physics beyond
the SM. The decay to photons implies the poten-
tial new resonance is likely a scalar particle, with
loop-induced decays. While most solutions address-
ing this excess thus far have relied on including
extra vector-like quarks to generate the necessary
effective couplings to gluons and photons, in this
letter we have explored the possibility that the new
scalar is responsible for the symmetry-breaking of
an extended gauge sector. The couplings to gluons
and photons are generated by the corresponding
charged massive vector bosons.
We have explored this possibility by employing
a simplified model consisting of an electroweak sin-
glet vector boson with arbitrary color and electric
charge, and discussed the conditions under which
the diphoton excess can be explained. In this sim-
plified model the decay channels into neutral elec-
troweak gauge bosons are fixed by gauge invariance
while there is no decay to W+W−. Of course, elec-
troweak non-singlet representations could be con-
sidered, in which case there will also be decays into
W+W−.
Finally, the diphoton excess joins a list of intrigu-
ing hints of potential new physics that have been
observed in recent experiments at the LHC and
Tevatron, such as the ∼ 2 TeV diboson anomaly,
or the tt¯ forward-backward asymmetry anomaly.
We have shown that the three anomalies can in
principle be connected. The 2 TeV W ′ that can
potentially explain the diboson anomaly can also
be a good mediator to induce the scalar couplings
to pairs of electroweak vector bosons, but this re-
quires a sizeable ϕW ′W ′ coupling. Similarly, one
of the best candidates to explain the anomalous tt¯
forward-backward asymmetry, a light axigluon, can
induce the needed coupling to gluons that account
for the scalar resonance production, although some
tension with dijet searches is found in this case.
To conclude, we have shown in this letter that
the diphoton excess can be associated to a heavy
Higgs mechanism, which predicts the existence of
new heavy vector bosons.
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